Abstract-This paper presents a novel multifunctional the maximum antenna diversity gain, it was proposed in [7] to multiple-input multiple-output (MIMO) scheme that combines combine the benefits of these two techniques for the sake of the benefits of the Vertical Bell Labs Layered Space-Time (V-providing both antenna diversity as well as spectral efficiency BLAST) 
I. INTRODUCTION
soft symbol-to-bit demapper was used between the multilevel demodulator and the binary channel decoder. In [12] , rateMultiple-Input Multiple-Output (MIMO) schemes are capa-1 inner codes were employed for designing low complexity ble of counteracting the fundamental limitations of wireless turbo codes suitable for bandwidth and power limited systems transmissions imposed by time-varying multipath fading [1] . having stringent bit-error-rate (BER) requirements. Recently, More explicitly, recent information theoretic studies [2, 3] have studying the convergence behaviour of iterative decoding has revealed that a MIMO system has a higher capacity than a attracted considerable attention. In [13] , ten Brink proposed single-input single-output (SISO) system. In [4] , Wolniansky the employment of the so-called extrinsic information transfer et al. proposed the popular multi-layer MIMO structure, (EXIT) characteristics between a concatenated decoder's input known as the Vertical Bell Labs Layered Space-Time (V-and output for describing the flow of extrinsic information BLAST) scheme. The V-BLAST receiver is capable of provid-through the soft-in soft-out constituent decoders. ing a tremendous increase of a specific user's effective bit-rate
The novelty and rationale of the proposed system can be without the need for any increase in the transmitted power or summarised as follows: the system's bandwidth. However, its impediment is that it was not designed for exploiting transmit diversity and the decision 1) We amalgamate the merits of V-BLAST, STBC, and errors of a particular antenna's detector propagate to other bits beamforming for the sake of achieving a high diversity of the multi-antenna symbol, when erroneously cancelling the gain, a high throughput as well as beamforming gain.
effects of the sliced bits from the composite signal.
The proposed scheme is referred to as a Layered Steered Whilst V-BLAST was designed for maximising the achievSpace-Time Block Code (LSSTBC). able multiplexing gain, Alamouti [5] discovered a witty trans-2) We propose a novel schemefor quantifying the maximum mit diversity scheme, referred to as a space-time block code achievable rate of the system using EXIT charts.
(STBC), which was designed for a high diversity gain. we introduce the proposed serially concatenated and iteratively associated with a normalised Doppler frequency of fD decoded LSSTBC scheme. Section III describes the encoding fdTs = 0.01, with fd being the Doppler frequency and T, the and decoding processes of the LSSTBC scheme followed symbol duration, where the channel coefficients are spatially by Section IV that details the design and EXIT chart aided independent. The complex Additive White Gaussian Noise characterisation of the iterative detection scheme. Finally, the (AWGN) of n = n_i + jnQ contaminates the received signal, attainable performance of these schemes is studied compara-where n_I and nQ are two independent zero-mean Gaussian tively in Section V, followed by our conclusions in Section VI. random variables having a variance of No/2 per dimension, with No/2 representing the double-sided noise power spectral density expressed in W/Hz.
A high level block diagram of the proposed scheme is illustrated in Figure 1 . The antenna architecture employed in As shown in Figure 1 , the received complex-valued symbols Figure 1 has M = 4 transmit Antenna Arrays (AA) spaced are first decoded by the LSSTBC decoder in order to produce a sufficiently far apart in order to achieve transmit diversity. received symbol 5, which is fed into the QPSK demapper. As
The L number of elements of each of the AAs are spaced seen in Figure 1 , the URC decoder processes the information at a distance of d = A/2 for the sake of achieving beam-forwarded by the demapper in conjunction with the a priori forming. Furthermore, the receiver is equipped with N = 4 information in order to generate the a posteriori probability. antennas. According to Figure 1 , the transmitted source bits The a priori Log-Likelihood Ratio (LLR) values of the URC are convolutionally encoded and then interleaved by a random decoder are subtracted from the a posteriori LLR values, bit interleaver. A 1/2-rate Recursive Systematic Convolu-provided by the Log Maximum Aposteriori Probability (MAP) tional (RSC) code was employed. After channel interleaving algorithm, for the sake of generating the extrinsic LLR values the symbols are precoded by a URC encoder. Then, the Li,e, as seen in Figure 1 . Next, the soft bits Lo,a are passed QPSK mapper of Figure 1 maps B channel-coded bits b = to the convolutional decoder of Figure 1 in order to compute bo ... ,bB-1 E {0, 1} to a QPSK symbol x. Subsequently, the a posteriori LLR values Lo,p provided by the Log the QPSK modulated symbols are serial-to-parallel converted MAP algorithm for all the channel-coded bits. During the last to two substreams so that each substream will be transmitted iteration, only the LLR values Loi, of the original uncoded using twin AA aided STBC, as will be detailed in Section III. systematic information bits are required, which are passed to
In this contribution, we consider transmissions over a the hard decision decoder of Figure 1 in order to determine temporally correlated narrowband Rayleigh fading channel the estimated transmitted source bits. As seen in Figure 1 , the extrinsic information Lo,e, is generated by subtracting of H2 and assigns the vectors of the basis to the rows of the a priori information from the a posteriori information Q. Multiplying Q by Y suppresses the interference of layer according to (LOP -Lo,a), which is then fed back to the URC 2 originally imposed on layer 1 and generates the following decoder as the a priori information Li,a after appropriately signal:
reordering them using the interleaver of Figure The encoding process of the LSSTBC is illustrated in Following these operations, according to Equation (5) The first decoded layer has a diversity order of (2 x 4), while be expressed as hnm(t) = anm(t (t -Tk) the second layer has an order of (4 x 4). In order to determine
where Tk is the the more meritorious decoding order, the decoder processes the signal's delay, anml (t) is the CIR with respect to the mTnth specific layer having the higher post-detection SNR, which is link and the Ith element of the mth AA. Based on the directly proportional to the norm of H. Thus, to determine assumption that the array elements are separated by half a the more beneficial decoding order, the decoder computes the wavelength, we In the receiver, URC-and RSC-decoding are performed
The received baseband data matrix Y can be expressed as iteratively, as shown in Figure 1 . Both of these decoders invoke the Bahl-Cocke-Jelinek-Raviv (BCJR) algorithm [14] using iterations was examined. The application of EXIT charts is The more beneficial decoding order of the two layers is based on two main assumptions, which are realistic when determined on the basis of detecting the higher-power layer using high interleaver lengths, namely that the a priori LLR first for the sake of a higher correct detection probability. For values are fairly uncorrelated and that the Probability Density simplicity, we assume that layer 1 is detected first which allows Function (PDF) of the a priori LLR values is Gaussian us to eliminate the interference caused by the signal of layer distributed.
For this reason, the decoder of layer 1 has to compute
The exchange of extrinsic information in the schematic of a matrix Q, so that we have Q H2 =0. Therefore, the Figure 1 is visualised by plotting the EXIT characteristics of decoder computes an orthonormal basis for the left null space the inner URC decoder and the outer RSC decoder in an EXIT Figure 2 , the iterative decoding process is specific Eb/No value. Therefore, the maximum achievable expected to converge at an Eb/No value between -9 dB and bandwidth efficiency becomes Timax = F X Rmax, where F -8 dB. The EXIT chart based convergence predictions can be is the number of bits per symbol in the proposed scheme. verified by the actual iterative decoding trajectory of Figure 2 , The maximu achievable rate of the QPSK modulation assisted where the trajectory was recorded at Eb/NO =-8 dB while LSSTBC scheme computed based on the EXIT charts is shown using an interleaver length of D = 100, 000 bits. The steps in Figure 3 . At a bandwidth efficiency of Tr = 2 bit/s/Hz, the seen in the figure represent the actual extrinsic information capacity limits for L = 4 is Eb/No --9 dB as depicted in exchange between the URC's decoder and the outer RSC Figure 3 . channel decoder. Table I . length of 100, 000 bits and the system parameters outlined in Table I . while using the parameters outlined in Table I .
In Figure 4 we plot the BER versus Eb/No performance Moreover, it was argued in [16, 17] that the maximum of the LSSTBC scheme, where Eb denotes the energy per achievable bandwidth efficiency of the system is proportional bit and NO denotes the double sided noise power spectral to the code-rate, which is equal to the area under the EXIT density. The remaining system parameters are outlined in Table  curve of the inner code, provided that the bit stream b has I. Figure 4 shows the effect of increasing the beamforming independently and uniformly distributed bits as well as that gain by increasing the number of beam-steering elements the channel is the binary erasure channel, the inner code rate L in each AA. As shown in the figure, when the number is 1 and the MAP algorithm is used for decoding. There is of beam-steering elements L increases, the achievable BER also experimental evidence that the area under the inner code's performance substantially improves. This capacity improve-EXIT curve approximates the code-rate well for Rayleigh and ment achieved upon increasing L appears more substantial Gaussian channels as well. Assuming that the area under the in comparison to a system increasing the STBC order for example, where most of the diversity gain is achieved while VI. CONCLUSION employing two transmit antennas, since upon increasing the In this contribution we presented a generalised multifuncnumber of transmit antennas further, the additional transmit tional MIMO scheme that combines the benefits of V-BLAST, diversity gain tends to remain modest.
STBC and beamforming. We also proposed a novel scheme for quantifying the maximum achievable rate of the system using LSSTBC, 4Tx, 4Rx EXIT charts. The [17] A. Ashikhmin, G. Kramer, and S. ten Brink, "Extrinsic information b 0~~~~~~~~~~~t ransfer functions: model and erasure channel properties," IEEE Trans- LSSTBC scheme, while using a URC precoder, an interleaver length of 100, 000 bits and the system parameters outlined in Table I. 
